The complete sequence of the genome of bovine polyomavirus (BPyV), formerly known as the CK isolate of the stump-tailed macaque virus, is presented. The genomic organization of BPyV is similar to that of the non-rodent polyomaviruses. With a genome size of 4697 bp, BPyV has the smallest polyomavirus genome known so far. When compared to simian virus 40 (SV40), the shortness of the BPyV genome is due mainly to differences in the coding capacity of the BPyV early region. The first exon of the proposed large T antigen encodes only 35 amino acids; also, a coding region corresponding to the C-terminal 64 amino acids of the SV40 large T antigen is absent in BPyV. It is proposed that the nucleotide sequence encompassing the small t antigen coding sequence contains an intron sequence of 71 nucleotides. Together the two exon sequences encode a 124 amino acid protein. We conclude that this may be the first example of a polyomavirus that has a small t antigen which is translated from two exon sequences. The enhancer region of BPyV does not show homology to the SV40 enhancer sequences. An agnogene is present with a coding capacity of 118 amino acid residues. The highest degree of homology to SV40 and PyV is present in the VP1 molecule.
Introduction
In 1974 a virus was isolated from kidney cell cultures of the stump-tailed macaque (Macaca arctoides; Rangan et al., 1974) . The virus appeared different from simian virus 40 (SV40) and was identified as a new member of the polyomavirus family, called the stump-tailed macaque virus (STMV; Reissig et al., 1976) . Since then other isolations of polyomaviruses from kidney cell cultures originating from different species of monkeys have been reported by several laboratories (Waldeck & Sauer, 1977; Parry et al., 1983a; Wognum et al. 1984) .
However, antibodies against the viruses were never observed in the monkeys whose kidney cell cultures produced the viruses. Initial observations indicating a bovine rather than a monkey origin for these isolates came from two independent reports (Parry et al., 1983b; Wognum et al., 1984) . These reports indicated that specific antibodies against these viral isolates were present in a high percentage of cattle sera and colostrum samples. Antibodies could also be detected in human sera originating from people who had been in close contact with cattle, for example farmers and veterinarians (Parry & Gardner, 1986) . Furthermore, a STMVlike virus was isolated from bovine kidney cell cultures, cultured in the presence of foetal bovine serum (Coackley et al., 1980) . Recently, several STMV-like viruses were isolated from calf kidney cell cultures originating from 18 animals born and raised at different geographic locations (Westcott et al., 1987) . These cells were cultured in the presence of horse serum.
Therefore, it appeared very likely that in all cases a bovine rather than a monkey polyomavirus had been isolated, originating from the bovine serum used in the cell cultures. For this reason we have renamed the CK isolate of STMV (Wognum et al., 1984 ) the bovine polyomavirus (BPyV). The size of the BPyV genome seemed to be small and was estimated to be 90~ of the size of the SV40 genome (Wognum et al., 1984) . In this report we present the nucleotide sequence of the complete BPyV genome, which is compared to the sequences of the genomes of SV40 (Fiers et al., 1978) and mouse polyomavirus (PyV; Griffin et al., 1981) . In some relevant instances the known sequences of human polyomaviruses BK-Dunlop strain (BKV-dun; Seif et al., 1979) and JC virus (JCV; Frisque et al., 1984) , and other animal polyomaviruses, monkey B-lymphotropic polyomavirus (LPV; Pawlita et al., 1985) , hamster polyomavirus (HaPV; Delmas et al., 1985) and the budgerigar fledgling disease virus (BFDV; Rott et al., 1988) are also included in the comparison.
Methods
Reagents. Restriction enzymes as well as the sequencing grade large fragment of Klenow DNA polymerase were obtained from Boehringer Mannheim. The Sequenase reaction kit was obtained from United States Biochemical. [~-35S] dATP (1320 Ci/mmol, 10 mmol/rnl) was obtained from New England Nuclear. The vector pGEM7, the T7 and SP6 primers and the Erase a Base system were purchased from Promega Biotec. BPyV-specific primers were synthesized on a DNA synthesizer model 381A (Applied Biosystems).
Virus culture. BPyV was isolated initially from tertiary monkey kidney cell cultures derived from cynomolgus macaques (M. fascicularis), cultured in the presence of 8 ~ calf serum (Wognum et al., 1984) . After the initial isolation of the virus, viral progeny was generated by infection of tertiary monkey kidney cells from cynomolgus macaques, cultured in Eagle-Earle medium containing 2 % Ultroser G (serum substituent; Gibco).
BPy V DNA. Virus DNA was purified by the Hirt extraction method (Hirt, 1967) from infected monkey kidney cell cultures. The BPyV genome was digested with PvuII and subsequently cloned into the PvuII site of the plasmid pBR328, generating pBPyV. Competent biological activity of the viral insert in pBPyV was demonstrated by isolation of the PvuI1 insert from pBPyV and transfecting the ligated fragment into monkey kidney cell cultures using the DEAE-dextran method (McCutchan & Pagano, 1968) . After 6 weeks of culturing in medium supplemented with 2% Ultroser G, a typical polyomaviraI c.p.e, was observed throughout the culture (data not shown).
DNA sequence analysis. Two complete, overlapping gene banks derived from pBPyV were constructed in pGEM7. To this end pBPyV was digested with either PvuII and EcoRI or PvuII and HindlII (Fig. 1) , followed by insertion of the resulting BPyV fragments into pGEM7. Deletion clones suitable for sequencing were derived from these pGEM7 constructs using the Erase a Base system. The nucleotide sequence of the region surrounding the PvulI site used to clone BPyV in pBR328 was analysed using a clone constructed by digestion of BPyV DNA, isolated from the initial positive culture, with ApaI and HindIII and inserting the 464 bp fragment into pGEM7. Clones used to sequence both strands of the BPyV genome entirely are shown in Fig. 1 .
Dideoxynucleotide sequencing of ds plasmid DNA was performed using modified T7 DNA polymerase (Sequenase), applying the following modifications to the manufacturer's protocol. Labelling reactions with [~-35S]dATP and termination reactions were performed simultaneously at 48°C for 10min in the presence of 10% DMSO. Thereafter 0.25 units of Klenow polymerase was added to each mixture followed by a further incubation at 48 °C for 3 min. This 'Klenow chase' resulted in a pronounced redaction of background signals, which possibly were caused by Sequenase-specific, template conformationdependent premature stops. GC-rich sequences creating band compression during gel electrophoresis were subsequently sequenced using either dITP or 7-deaza-2'-deoxyguanosine-5'-triphosphate. Electrophoresis, using the Tris-borate-EDTA buffer system, was performed for 2 or 5h at 50W on 7M-urea 6~ polyacrylamide gels (50 × 30 × 0.02 cm). Gels were soaked afterwards in 10% acetic acid and water for 10rain each, dried at 80°C for 60 to 90min and autoradiographed for 16 to 72 h using Fuji-RX films. Using both short and long gel runs this resulted in readable sequences of 300 to 500 bases in length.
Sequence data analysis. Sequence assembly and analysis were performed using Microgenie sequence analysis software (Beckman Instruments). Alignment of multiple sequences was performed using Clustal: a program package for multiple sequence alignment on microcomputers (Higgins & Sharp, 1988) . The alignments were performed using Clustal 4, with standard parameter settings. The percentage homology between proteins was defined as the number of identical amino acids divided by the mean amino acid sequence length, x 100.
Results and Discussion
The genetic organization of all polyomaviruses studied so far appears to be similar. The non-coding region of these viruses contains the origin of replication and the early and late promoter-enhancer sequences. Replication of the genome as well as viral transcription proceeds in both directions, In all polyomaviruses yet known, the so-called early region encodes the large T and the small t antigens. These antigens are synthesized prior to the start of DNA replication. In rodent polyomaviruses (PyV and HaPV) a middle T antigen also is encoded by the genome. Except for the rodent polyomaviruses and for LPV a small open reading frame (ORF) called agnogene is present in the leader sequences of the late genes. In all polyomaviruses the late viral region encodes three structural proteins, VP1, VP2 and VP3.
The complete sequence of the BPyV genome is shown in Fig. 2 . The genome consists of 4697 bp; therefore BPyV contains the smallest polyomavirus genome yet known (89.6~ of the size of SV40 (Fiers et al., 1978; Buchman et al., 1981) . The overall A/T content of BPyV is similar to that of the other members of the group: 58.6~.
The genomic organization of BPyV, as schematically shown in Fig. 3 , is at first sight similar to the general polyomavirus organization. The early coding region contains ORFs for two proteins and is separated from the late coding sequences by the regulatory region at its 5' end and by a 49 bp sequence at its 3' end. No middle T antigen coding region could be detected in BPyV. The late coding sequences contain two major ORFs encoding the three structural antigens VP1, VP2 and VP3. Upstream from VP2 an ORF is present with a coding capacity of 118 amino acids, (part of) which may encode a viral agnoprotein. The predicted Mr values of BPyVencoded proteins are listed in values of homology between BPyV proteins corresponding to those of SV40 and PyV are presented in Table 2 . As for BKV-dun, LPV and BFDV, we have chosen to use the initiation codon shared by the small t and large T" antigens as the zero reference point for nucleotide numbering. Numbering proceeds in a clockwise orientation through the origin of replication towards the late coding region. The unique PvuII site used to clone the BPyV genome into pBR328 is located at position 679. Specific regions of the BPyV genome will be described and discussed below.
Regulatory sequences
The regulatory regions of all polyomaviruses known to date are organized in a similar manner, each containing a unique origin of replication and the promoter and enhancer elements for both early and late transcription. The origin of replication in SV40 is made up of a palindromic sequence of 27 bp and contains two GAGGC motifs which have been shown to be involved in the binding of the large T antigen (DeLucia et al., 1983) . To the early gene side of this palindromic sequence a second and much smaller palindrome is present and also two additional large T antigen-binding motifs. To the late genes side the origin of replication is flanked by a 17 bp A/T stretch, three 21 bp repeats and two 72 bp repeats containing enhansons (Ondek et al., 1988) . In BPyV the region which is proposed to contain the enhancer sequences shows only minor sequence homology to SV40 (Fig. 4) . Starting from the sequences on the early gene side, two large T antigen-binding motifs (GAGGC) are present, one between nucleotides 25 and 29 and a second one between 58 and 62. The second GAGGC motif is part of a 16 bp palindromic sequence around the proposed origin of replication, between nucleotides 57 and 72. The pentanucleotide motif located between positions 25 and 29 is part of a separate palindromic sequence of 12 nucleotides. Flanking the viral origin of replication to the late side is an 18 nucleotide A/T stretch, which resembles the GoldbergHogness box in eukaryotic promoters. The SV40 A/T stretch functions as a promoter element for early gene expression. In addition, this sequence determines a conformation that is characteristic for bending of DNA. This conformation could be important for the replication of the DNA molecule (Deb et al., 1986) .
To the late side of the A/T stretch in BPyV are four repeated sequences of 9 bp (5' CTCCGCCCA 33 each of which contains a transcription factor SPl-binding motif (5' CCGCCC 3'). Two of these motifs are present in each of the three 21 bp repeats of the SV40 promoter region, but in an inverted orientation when compared to BPyV. As demonstrated by Everett et al. (1983) the orientation of SPl-binding motifs does not seem to influence their function in the regulation of gene expression.
The SV40 enhancer sequences are located in two perfect repeated sequences of 72 bp, in cooperation with a non-repeated region just upstream from the late genes. The 72 bp repeats contain several small sequence motifs which are thought to be important for the binding of several different cell-specific proteins, involved in the regulation of gene expression (Zenke et al., 1986; Xiao et al., 1987; Fromental et al., 1988; Ondek et al., 1988) . In some parts of the putative enhancer region of BPyV, a few small motifs are present which show partial homology to some defined motifs in the SV40 enhancer (Zenke et al., 1986) , e.g. a GT-like motif between positions 233 and 245 or two TC-like motifs between 175 and 193. Whether these sequences have an enhanson function in BPyV has yet to be determined. A 9 bp sequence repeated twice (5' AAGAAACAA 3') is located in the putative BPyV enhancer region at positions 201 to 209 and 261 to 269. A functional role has not yet been addressed to this motif.
As seen from the lower part of Fig. 4 , the BPyV regulatory region, particularly the region containing the proposed origin of replication, the A/T stretch and the repetitive SPl-binding sites showed significant homology to the corresponding regions of both JCV and SV40. In addition part of this region is also homologous to the promoter region of the mouse hypoxanthinephosphoribosyl transferase (hprt) gene (Melton et al., 1984) and to a region on the genome of the African green monkey which has been shown to contain promoter activity (Saffer & Singer, 1984) . BPyV was isolated initially from kidney cell cultures derived from M.fascicularis (Wognum et al., 1984) . The sequences that R. Schuurman, C. Sol and J. van der Noordaa 
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Viral mRNA processing
Mature polyomaviral mRNA molecules, like most eukaryotic messengers, result from splicing of premRNAs. For SV40 in particular, the splicing patterns for both early and late mRNA molecules have been studied in great detail (Salzman, 1986) . Based on this work and on studies of splicing in several hundreds of mammalian genes, it has been possible to define some consensus sequences recognized by the spliceosome (Hames & Glover, 1988; Mount, 1982) . Apart from consensus sequences defining splice donor and splice acceptor sites, conserved intron sequences seem to be important for the formation of so-called lariat-branch structures (Hames & Glover, 1988) . Both strands of the BPyV genome were scanned for the presence of consensus sequences possibly involved in splicing (Table 3) . By comparing each of the splice products, the size of the encoded protein and its homology to those of other polyomaviruses, it was determined whether or not a splice site would be a useful candidate for being used in the splicing of BPyV premRNAs. The early pre-mRNA molecule contains two sequence motifs resembling the proposed mammalian splice donor consensus sequence, as defined by Mount: 5' MAAGtGUAAGU 3' (Mount, 1982) . The first one is located at position 4574 and a second one at position 4593 (Table 3 ). The splice donor sequence at position 4574 is completely homologous to the splice donor sequence used for the synthesis of the SV40 small t antigen mRNA. However this sequence is located far more upstream in the early pre-mRNA of BPyV, just behind codon 41 (Fig. 5) sus sequence [5' (Y)llNYAGIG 3'], preceded 18 to 37 nucleotides upstream by a branch site consensus sequence (5' YNYURAY 3'), could be defined in the early pre-mRNA strand of BPyV at two locations downstream from the splice donor sites mentioned above (Table 3 ). The first acceptor site was located at position 4503 and a possible branch site at position 4531. The second one was located further downstream, at position 4346, with a putative branch site at nucleotide 4366.
Differential splicing of the BPyV early pre-mRNA molecule, as shown putatively in Fig. 5 , would give rise to the formation of two mature early mRNA molecules, which probably encode the BPyV small t and large T antigens. By splicing out an intron of 71 bp between nucleotides 4574 and 4503 an mRNA product is formed containing an ORF with a potential coding capacity of 124 amino acids, most probably encoding the BPyV small t antigen. The mature large T antigen mRNA could be formed by splicing out an intron of 247 nucleotides (between 4593 and 4346). The resulting mRNA molecule contains an ORF with a potential coding capacity of 586 amino acids. Whether or not these candidate splice sites are indeed used in BPyV premRNA splicing in vivo has yet to be determined. If so, then the BPyV small t antigen would be the first polyomaviral small t antigen that resulted from an mRNA that was spliced in order to connect the coding sequences. Any combination of the putative splice donor and acceptor sites other than the combinations mentioned above and which are indicated in Fig. 5 resulted in the existence of very small ORFs, not likely to form the mature small t mRNA molecule. Another strong argument that the coding sequence for the small t antigen is indeed composed of two exons is described below in the small t antigen section. We could not identify additional splice consensus sequences downstream from the small t antigen termination codon.
Approximately 48 bp downstream from the translation termination codon of the large T antigen (position 2693) a so-called polyadenylation signal (AAUAAA) is present which is thought to be involved in transcription termination and polyadenylation of the mRNAs formed (Nevins, 1983) .
Splicing of late polyomaviral mRNAs is still not fully understood. Complex splicing patterns have been observed especially for SV40 (Tooze, 1981 ; Good et al., 1988a, b) . Two major late mRNA molecules are formed in SV40 with relative sizes of 16S and 19S. The 16S product is the result of splicing (part of) of the agnogene to the VPI gene, thereby deleting almost the entire intervening VP2/3 coding region. The 19S molecules represent a pool of spliced and not spliced mRNA molecules (Tooze, 1981 In BPyV the late coding region is quite similar in size and organization to those of most polyomaviruses which have been sequenced so far. Potential sequences possibly involved in BPyV late pre-mRNA splicing are listed in Table 3 . Apart from the sequences mentioned in Table 3 , less well defined splice donor sites were located at positions 760 and 798. A third splice acceptor sequence was present at position 862, but we could not identify a corresponding branch site. We do not expect this acceptor site to be used in the splicing of BPyV late premRNA molecules.
Termination (Fig. 6) it is possible to predict some similar cellular functions of the BPyV large T antigen in those regions of the molecule which are conserved in all three members.
The putative BPyV large T antigen is a protein of 586 amino acids and therefore is much smaller than those of SV40 (708 residues) and PyV (785 residues). As shown in Fig. 6 , the small size of the BPyV large T molecule relative to SV40 is caused mainly by the absence of two large stretches of amino acids. The putative splice site in the BPyV large T molecule is located just behind codon 35. Therefore, when compared to SV40, the proposed first exon of the BPyV large T antigen-coding sequence is much smaller. The amino acid residues 36 to 82 of the SV40 large T antigen are not represented in the BPyV large T mRNA. This stretch corresponds to residues encoded by the C-terminal half of the first exon of the SV40 large T mRNA molecule. In SV40, the 82 amino acids encoded by the first exon of the large T mRNA molecule have been shown to be important for the DNAbinding capacity of the antigen (Clark et al., 1983; Pipas et al., 1983; Manos & Gluzman, 1984) . As it is still unknown which sequence motifs in this region are involved in the binding of the SV40 large T antigen to DNA, it is not possible to look for the presence or absence of these motifs in the N-terminal part of the BPyV large T antigen. However it is likely that these motifs will reside within the first 36 amino acid residues. A highly conserved amino acid motif (HPDKGG) present in the common region of the large T and small t antigens of both SV40 and PyV is absent in the BPyV large T antigen, but present in the putative BPyV small t antigen (see below).
A second large sequence deletion in the BPyV large T antigen compared to SV40 is located at the carboxy terminus of the molecule. The C-terminal 64 amino acids in SV40 large T antigen are absent from BPyV. In SV40 this region is thought to contain a host range control element, adenovirus helper function and a function in capsid assembly (Tornow et al., 1985; Pipas, 1985; Khalili et al., 1988; Cole et al., 1979) . It has been demonstrated that deletions within this region of the SV40 large T antigen result in mutant viruses that are unable to grow in CV1 cells. However DNA replication of these mutants in CV1 cells is not influenced, indicating that the affected part of the C terminus of the molecule is not involved in DNA replication (Pipas, 1985) . The deletion influences the synthesis of the products of the late genes in CV1 cells. In particular, the agnoprotein synthesis decreased more than 100-fold in these cells (Khalili et al., 1988) .
In this respect it is worth mentioning that BPyV was isolated from tertiary cynomolgus macaque kidney cell cultures in which it caused a severe c.p.e, and lytic degradation of the cultures. However BPyV induced little or no cytopathic changes in CV1 cell cultures (unpublished results), which suggests that these cells are less permissive to BPyV. A reason for this effect might be the absence of the C-terminal 64 amino acids in BPyV.
The large T antigen of several tumorigenic polyomaviruses (SV40, PyV, BKV, LPV), the E1A antigen of several tumorigenic adenoviruses as well as the E7 protein of the human papillomavirus type 16 share a common element Moran, 1988) . It has been shown that this region is involved in the association with the product of the supposed retinoblastoma tumour suppressor gene, RB (Whyte et al., 1988; DeCaprio et al., 1988) . The association of the large T antigen with RB might possibly titrate out this suppressor of deregulated growth. The tumorigenic potential common to all these viruses is caused putatively by the presence of this common element in one of their early proteins and the ability of this protein to associate with RB. In addition to the association between RB and certain viral antigens, as mentioned above, it was demonstrated recently that the region involved in the association with RB also bound to another cellular protein (p107), which could also be involved in cellular transformation by polyoma-and adenoviruses (Dyson et al., 1989; Ewen et al., 1989) . Moran (1988) defined the motif DLXCXE as the minimal consensus sequence common to all early antigens of adeno-and polyomaviruses that share a tumorigenic potential. In the amino acid sequence of the putative BPyV large T antigen the DLXCXE motif is present between residues 59 and 64: DLHCDE. The transforming and tumorigenic potentials of BPyV, a virus which possibly contaminates batches of calf serum used in tissue culture, are presently under investigation.
In SV40, phosphorylation of the large T antigen has been reported to occur on several threonine and serine residues both in the N-terminal and C-terminal part of the molecule (Scheidtmann et al., 1982) . Recent observations by McVey et al. (1989) showed that in a cell-free replication system, specific phosphorylation of the SV40 large T antigen threonine residue at position 124 by the cdc2 protein kinase is essential for large T antigenmediated induction of viral DNA replication. Thr 124 is located near to or even in the nuclear localization signal of the SV40 large T antigen [between residues 126 and 132; Kalderon et al. (1984a and b) ]. A sequence motif showing homology to the SV40 large T region containing the nuclear localization sequences together with the Thr 124 phosphorylation site, is also present in the large T antigens of both PyV and BPyV. In the latter this motif is present in the large T antigen between residues 87 to 93 : TPPKKPR (residues identical to those in both SV40 and PyV are underlined; see also Fig. 6 ). The presence of this sequence in the BPyV large T antigen suggests that this sequence motif is functionally related to that in SV40 and PyV.
As mentioned above, the C-terminal part of the SV40 large T antigen also contains residues susceptible to phosphorylation. Since these residues are located carboxy-terminal from residue 639 of the SV40 large T antigen, the greater part of this region is not encoded by the BPyV genome.
In the BPyV large T antigen, as in all other polyomaviral large T antigens yet known, a zinc finger motif can be identified in this protein. This motif shows a characteristic arrangement of two cysteines and two or three histidine residues which together are supposed to interact in the cell with zinc ions. The presence of this region is supposed to be essential for viral replication R. Schuurman, C. Sol and J. van der Noordaa (Loeber et al., 1989) . In the BPyV large T antigen a zinc finger motif can be identified between residues 259 and 278" CKVCDNPRRLEHRRHH (characteristic cysteine and histidine residues are underlined). The location of the cysteine and histidine residues relative to each other is identical to the situation in SV40. However the amino acids between these sequences show little or no homology to SV40 (Fig. 6 ).
(
ii) Small t antigen
In all polyomaviruses, in addition to the presence of sequences encoding a large T antigen, a small t antigen coding sequence can be defined. The SV40 small t antigen is a 174 amino acid long molecule of Mr 17-5K. The exact functions of the small t antigen in both cellular transformation and in the replication cycle are still not fully understood. The SV40 small t antigen has been shown to be unable completely to transform tissue culture cells on its own, but seems to exhibit a complementary activity in cellular transformation by the large T antigen, particularly when the large T antigen is present at low concentrations (Tooze, 1981 ; Rubin et al., 1982; Bikel et al., 1987) . Recent experiments, using transgenic mice containing either the large T antigen coding sequence on its own or in combination with the small t antigen coding region, both under the control of the mouse mammary tumour virus long terminal repeat showed that tumours developed in slowly dividing epithelial tissues only when both small t and large T antigen coding sequences were present (Choi et al., 1988) . The small t antigens of both SV40 and BKV are able to associate with at least two cellular proteins each (Rundell et al., 1981 ; Yang et al., 1979; Murphy et al., 1986) . Another property of the SV40 small t antigen may be the disruption of actin cables in the cytoskeleton Graessmann et al., 1980) . The putative BPyV small t antigen is a 14K protein of 124 amino acids (Table 1) . Based on the presence of ORFs, amino acid homologies to other polyomaviruses and the presence of a splice donor site completely homologous to the splice donor site used in the splicing of the SV40 small t antigen, it was concluded that in contrast to all other small t antigens known so far, the putative BPyV small t antigen possibly originates from a mature mRNA molecule formed by the splicing together of two exons. The N-terminal half of the molecule showed some homology to the corresponding proteins in SV40 and PyV (Fig. 7) , but the overall homology observed is low: 26-1~o when compared to SV40 and even less when compared to PyV (Table 2) . However a short amino acid sequence completely homologous to SV40 and PyV is located between residues 38 and 43, HPDKGG, flanking both sites of the splice junction Fig. 7 . Alignment of the small t antigens of BPyV, SV40 and PyV, using Clustal. Amino acids are indicated by the one letter code. Amino acid residues conserved in all three viruses are indicated below.
proposed here. Although no biological function has been found for the HPDKGG sequence yet, the conservation of this motif suggests a functional role in the virus life cycle. The presence of this motif around the proposed splice junction of the B PyV small t antigen, together with the presence of a sequence motif completely homologous to the splice donor site used in the SV40 small t antigen pre-mRNA splicing, are the main arguments to suggest that the BPyV small t antigen coding region is composed of two exons separated by a 71 nucleotides long intron sequence. In BPyV the sequences flanking the splice junction of the small t antigen mRNA molecule on both sides, thereby creating the HPDKGG motif, are unique for the BPyV small t antigen in that they are not present in its large T antigen sequence. In SV40 and PyV however, the HPDKGG motif is present in both the small t and large T antigen. So if a biochemical activity related with the HPDKGG motif does exist, this function will be fulfilled exclusively by the BPyV small t antigen.
Structural proteins
In all polyomaviruses, the late sequences encode three structural proteins: VP1, VP2 and VP3. The proposed late antigens in BPyV are comparable in size to those of the other polyomaviral late antigens (Table 1) . The most conserved molecule is the VP 1 molecule, showing almost 53 ~o homology to SV40 and 41 ~ when compared to both SV40 and PyV (Table 2) . Homologies observed between BPyV VP2/VP3 molecules and those of SV40 and PyV are significantly lower. The regions in BPyV VP1 that are homologous to SV40 and PyV are predominantly located in the C-terminal half of the molecule, although in the N-terminal part of the molecule stretches of homologous amino acids can also be found (Fig. 8) still be observed after the alignment of all polyomavirus VP1 sequences yet known (* in Fig. 8 ), indicating that these regions in the VP1 molecules may play an important role in the virus life cycle. The VP2 and VP3 molecules, which are presumed to be located inside the virion, show a much smaller degree of conserved regions (Fig. 9) . Most homology is located in the region common to both VP2 and VP3, particularly between residues 277 and 297 of VP2, just N-terminal from the SV40 VP3 region containing the proposed nuclear localization signal. The centre of the conserved motif between residues 277 and 297 is very hydrophobic as a result of the leucine richness: WLLPLLLGLYG. It is the only region of VP2 and VP3 that is well conserved in all polyomaviruses known to date.
The agnoprotein
With the exception of LPV all polyomaviruses that do not encode a middle T antigen contain an ORF in the leader of the viral capsid mRNAs. In SV40 this ORF gives rise to the Synthesis of a 61 amino acid agnoprotein, The presence of more than one methionine codon in this ORF indicates that possibly a smaller agnoprotein could be synthesized. The only AUG codon in this ORF which is surrounded by sequences that do resemble the translation initiation consensus defined by Kozak (CCACCAUGG; Kozak, 1986) , is located at position 220 (ACAACAUGG; essential nucleotides are underlined). This AUG codon is preceded 22 nucleotides upstream by a sequence which resembles highly the proposed major late cap site of BKV and LPV (5' CCCTCAGG 3'; identical nucleotides are underlined). Which initiation codon(s) is (are) used in the synthesis of a BPyV agnogene product remains to be determined. When the most upstream AUG (220) is used to synthesize the agnoprotein, the regulatory region in BPyV, when compared to the other polyomaviruses, would be very small. The coding and regulatory sequences probably do overlap in BPyV as is shown putatively in Fig. 4 and as known also for e.g. hepatitis B  virus (Miller et al., 1989) . The putative 118 amino acid BPyV agnoprotein exhibits no significant homology to known agnoproteins (data not shown). However the N-terminal 36 residues are extremely rich in arginine, lysine and leucine (17 out of 36 amino acids), as is also the case for the SV40 LP1 gene product and for the putative BFDV agnoprotein. This may suggest an analogous function for these three proteins.
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